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1. INTRODUCTION {#cam41598-sec-0001}
===============

Neuroendocrine tumors (NETs) comprise a heterogeneous group of rare tumors that arise from cells throughout the diffuse endocrine system. Gastroenteropancreatic NETs (GEP‐NETs), which are the main subtype of NETs,[1](#cam41598-bib-0001){ref-type="ref"} can secrete peptides and neuroamines that cause distinct clinical syndromes, including carcinoid syndromes.[2](#cam41598-bib-0002){ref-type="ref"}, [3](#cam41598-bib-0003){ref-type="ref"}, [4](#cam41598-bib-0004){ref-type="ref"}

As demonstrated by the mounting number of articles published each year (over 4000 articles have been reported every year in the last decade),[5](#cam41598-bib-0005){ref-type="ref"} the worldwide concern about NETs has been increasing, which is probably due to the reported increase in its incidence.[6](#cam41598-bib-0006){ref-type="ref"}, [7](#cam41598-bib-0007){ref-type="ref"}, [8](#cam41598-bib-0008){ref-type="ref"} However, updated data that focus on the incidence trend of GEP‐NETs are lacking. Moreover, given the rarity and indolent clinical course of GEP‐NETs, the number of NETs survivors has increased. Nevertheless, only a few relevant statistics are available to inform patients who have survived for a certain period after they are diagnosed with NETs of their prognosis at any given time. Due to a lack of related evidence, the current consensus guidelines recommend that patients with NETs after treatment of the primary tumor undergo a CT or MRI scan every 6‐12 months to monitor disease progression, but no definite guidance regarding the optimal surveillance time has been established. The current guidelines stipulate that monitoring should be performed for 10 years after treatment.[3](#cam41598-bib-0003){ref-type="ref"}, [9](#cam41598-bib-0009){ref-type="ref"}, [10](#cam41598-bib-0010){ref-type="ref"}, [11](#cam41598-bib-0011){ref-type="ref"} Conventional survival curves after cancer diagnosis provide a rather grim outlook because most patients die within the first few years after diagnosis. Conditional survival (CS) is an important index in this respect,[12](#cam41598-bib-0012){ref-type="ref"} and more relevant information can be provided to cancer survivors for personal health‐related planning and to clinicians for continued cancer surveillance.[13](#cam41598-bib-0013){ref-type="ref"}

To the best of our knowledge, no previous study has evaluated CS among patients with GEP‐NETs. Therefore, the aim of this study was to explore the updated incidence trend of GEP‐NETs and to assess the 3‐year conditional cancer‐specific survival (CCS3) among patients after diagnosis with GEP‐NETs using data from the surveillance, epidemiology, and end results (SEER) cancer registry.

2. PATIENTS AND METHODS {#cam41598-sec-0002}
=======================

2.1. Patients {#cam41598-sec-0003}
-------------

As a population‐based cancer registry that collects cancer incidence and survival data from 18 regional population‐based registries, the SEER database covers approximately 27.8% of the US population (based on the 2010 census). We screened the cases of GEP‐NETs using the newest databases "Incidence ‐ SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov 2016 Sub (2000‐2014) \<Katrina/Rita Population Adjustment\>" for incidence data and "Incidence ‐ SEER 18 Regs Research Data + Hurricane Katrina Impacted Louisiana Cases, Nov 2016 Sub (1973‐2014 varying)" for survival data. The Site and Morphology of Collaborative Stage Data Collection System (CS Schema v0204+) was used to identify GEP‐NET cases. The following codes were used for identification of the histological type and tumor location: NETStomach, NETSmallIntestine, NETAmpulla, CarcinoidAppendix, NETColon, and NETRectum. Due to the lack of specific codes that correspond to pancreatic NETs (P‐NETs), we used ICD‐O‐3 histology codes to identify patients with P‐NETs, as detailed in a prior publication.[14](#cam41598-bib-0014){ref-type="ref"}

2.2. Incidence trend analysis {#cam41598-sec-0004}
-----------------------------

Patients with GEP‐NETs who were diagnosed between 2000 and 2014 were included in the incidence trend analysis. All incidence data were adjusted according to age and were standardized according to the 2000 US standard population. In addition, we used the weighted least squares method to calculate the annual percent change (APC) using the SEER\*Stat software.[15](#cam41598-bib-0015){ref-type="ref"}

2.3. Conditional survival (CS) analysis {#cam41598-sec-0005}
---------------------------------------

We selected patients with GEP‐NETs that were diagnosed between 1988 and 2011. The study dates were chosen based on the availability of complete data after 1988, and 2011 was chosen as the last year of diagnosis to allow for at least 3 years of actual follow‐up. We included patients from the SEER database based on the following characteristics: microscopic confirmation of the tumor, presence of single primary tumor (one primary or the first of at least 2 primaries), availability of complete staging information, and survival for more than 1 month.

Conditional cancer‐specific survival (CCS), which originated from conditional probability in biostatistics, can be calculated using the Kaplan‐Meier method or the life table method. The estimate of CCS3 was defined as the probability of remaining free of cancer mortality for an additional 3 years given that a patient had survived for *x* years and was calculated as follows: *x* − CCS3 = CSS (*x* + 3)/CSS (*x*), where CSS is the cancer‐specific survival.[16](#cam41598-bib-0016){ref-type="ref"} Variances in conditional probabilities were estimated using the formula established by Skuladottir et al[17](#cam41598-bib-0017){ref-type="ref"} Additionally, 95% confidence intervals (CIs) were determined with the assumption that the CCS rates follow a normal distribution. The hazard curve for CSS was plotted using kernel density smoothing.[18](#cam41598-bib-0018){ref-type="ref"}

Survival estimates were computed for 5 age groups (younger than 44 years, 45‐54 years, 55‐64 years, 65‐74 years, and older than 75 years), except for patients with appendiceal NETs (A‐NETs), who were subdivided into 2 age groups (younger than 44 years and older than 45 years). Tumor staging was recorded based on the SEER database using the expanded extent of disease coding.[19](#cam41598-bib-0019){ref-type="ref"} Localized disease was defined as tumors that were confined within an organ with no obstruction of or invasion into regional structures. Regional disease included spread into surrounding structures, blood vessels, or local lymph nodes. Distant disease included extension or metastases into other organs or lymph nodes. Notably, the SEER grading system classifying tumors into well differentiated (SEER grade I), moderately differentiated (SEER grade II), poorly differentiated (SEER grade III), and undifferentiated/anaplastic (SEER grade IV) relies on histologic differentiation, which is different from the 2010 WHO grading nomenclature. Therefore, Grade III and Grade IV were combined into 1 category, as previously reported.[4](#cam41598-bib-0004){ref-type="ref"}, [6](#cam41598-bib-0006){ref-type="ref"}, [20](#cam41598-bib-0020){ref-type="ref"}

Cancer patients had no excess mortality when the CCS3 reached 100%, and no difference in survival was observed between cancer patients and the general population. Excess mortality was classified as follows: substantial, little, and hardly any based on CCS3 estimates of \<90%, 90%‐95%, and \>95%, respectively.[12](#cam41598-bib-0012){ref-type="ref"}

All the statistical analyses were performed using SPSS software, version 18.0 for Windows (SPSS Inc., Chicago, IL, USA) and R software (version 3.4.0). All the tests were 2‐sided, with the significance level set to *P* \< .05.

3. RESULTS {#cam41598-sec-0006}
==========

3.1. Incidence {#cam41598-sec-0007}
--------------

Between 2000 and 2014, 45 203 patients diagnosed with GEP‐NETs (based on a population size of 1 257 898 299) were identified by searching the SEER database. The year and age distribution of the patients are reported in Figure [S1](#cam41598-sup-0001){ref-type="supplementary-material"}. The diagnostic age of most patients was between 50 and 64 years. The age‐adjusted incidence rates of GEP‐NETs significantly increased over time, with an APC of 4.5 \[95% CI 4.2‐4.8\], but the opposite was observed for the trends of all GEP malignancies (APC = −2.0, 95% CI −2.2 to −1.9; Figure [1](#cam41598-fig-0001){ref-type="fig"}A,B). Similarity could be observed across sex and race categories (Figure [1](#cam41598-fig-0001){ref-type="fig"}C‐F), except for GEP‐NETs in American Indian/Native Alaskan populations, which showed a stable incidence (APC = 0, 95% CI −2.9 to 3.0). With regard to GEP sites in patients diagnosed from 2000 to 2014, the growth was significant for A‐NETs (APC = 22.3, 95% CI 17.5‐27.2) and P‐NETs (APC = 9.8, 95% CI 8.5‐11.1; Figure [1](#cam41598-fig-0001){ref-type="fig"}G,I), but only NETs of the colon exhibited a constant incidence trend (APC = −0.5, 95% CI −1.6 to 0.5). These specific findings of GEP‐NETs are contrary to the trends in all malignant gastric tumors (APC = −2.4, 95% CI −2.6 to −2.2), colon malignancies (APC = −3.1 95% CI −3.3 to −2.8), and rectal cancers (APC = −2.4, 95% CI −2.5 to −2.2). Additionally, the findings are in accordance with the upward trend for all tumors of the small intestine (APC = 0.3, 95% CI 0.0‐0.6), appendix (APC = 3.4, 95% CI 2.8‐4.1), and pancreas (APC = 0.8, 95% CI 0.6‐1.0). Based on the SEER data, the incidence rates of GEP‐NETs and all gastroenteropancreatic cancers were determined to equal 3.5 and 62.1, respectively, per 100 000 per year over the same period (2000‐2014), which means that NETs represent 5.84% of all newly diagnosed GEP cancers.

![Annual age‐adjusted incidence rates of all GEP‐NETs (A) and all GEP neoplasms (B). Annual age‐adjusted incidence rates of GEP‐NETs (C) and GEP neoplasms (D) by site. Annual age‐adjusted incidence rates of GEP‐NETs (E) and GEP neoplasms (F) by gender. Annual age‐adjusted incidence rates of GEP‐NETs (G) and GEP neoplasms (H) by race (2000‐2014)](CAM4-7-3521-g001){#cam41598-fig-0001}

3.2. Estimates of the 3‐year conditional cancer‐specific survival (CCS3) {#cam41598-sec-0008}
------------------------------------------------------------------------

Over the study period (1988‐2011), 28 056 patients met the inclusion criteria. The sociodemographic characteristics and clinicopathological features of the patients are presented in Table [S1](#cam41598-sup-0008){ref-type="supplementary-material"}. Within this cohort, 2608 patients had gastric NETs (G‐NETs), 8637 patients had small intestinal NETs (SI‐NETs), 578 patients had A‐NETs, 2992 patients had colonic NETs (C‐NETs), 9290 patients had rectal NETs (R‐NETs), and 3951 patients had P‐NETs. The Kaplan‐Meier plots also demonstrated important survival differences based on different primary sites (*P* \< .001). Additionally, the risk of NET‐specific death varies with time because most of the deaths occurred in the first 3 years after diagnosis for all sites (Figure [2](#cam41598-fig-0002){ref-type="fig"}). The actuarial CSS over the 3 years after diagnosis and CCS3 for those who had already survived 1‐10 years after diagnosis are presented at Figure [S2](#cam41598-sup-0002){ref-type="supplementary-material"}. We evaluated the CSS patterns according to tumor site and age (Figure [S3](#cam41598-sup-0003){ref-type="supplementary-material"}). Survival curves were then evaluated according to SEER stage and tumor grade, respectively (Figures [S4](#cam41598-sup-0004){ref-type="supplementary-material"} and [S5](#cam41598-sup-0005){ref-type="supplementary-material"}).

![Kaplan‐Meier plots of GEP‐NETs (A) and hazard estimate of cancer‐specific death among the entire cohorts (B) according to site. CSS, cancer specific survival](CAM4-7-3521-g002){#cam41598-fig-0002}

Table [1](#cam41598-tbl-0001){ref-type="table"} summarizes the number of patients included in the conditional period survival analysis after 5 and 10 years for each tumor site and age and the CS after 5 and 10 years. Additionally, the number of years after diagnosis when mortality showed little or hardly any change in a group of patients (when the CCS3 exceeds 90% or 95%, respectively) was determined. Table [1](#cam41598-tbl-0001){ref-type="table"} shows the number of patients available for the conditional period survival analysis for each tumor site and age after they had survived for 5 and 10 years and for the CCS3 after 5 and 10 years. Moreover, the number of years after diagnosis when patients exhibit little or hardly any excess mortality (when CCS3 exceeds 90% or 95%, respectively) was demonstrated. Table [2](#cam41598-tbl-0002){ref-type="table"} shows the relevant results by stage based on the SEER staging system. Figure [3](#cam41598-fig-0003){ref-type="fig"} shows the CCS3 for each additional year of survival in patients with tumors at each site according to age, whereas Figures [4](#cam41598-fig-0004){ref-type="fig"} and [5](#cam41598-fig-0005){ref-type="fig"} show the results according to stage and grade, respectively.

###### 

Number of patients available for conditional period survival analysis after 5 and 10 years for each site and age, and conditional survival after 5 and 10 years

  Tumor Site        Age (years)   No. of patients available for conditional period survival analysis after year   3‐year conditional cancer‐specific survival (%)                                                             
  ----------------- ------------- ------------------------------------------------------------------------------- ------------------------------------------------- ------------ ------------ ------------ ------------ ----- -----
  Stomach           −44           234                                                                             114                                               98.5         96.8‐100.2   100.0        100‐100      0     1
  45‐54             316           134                                                                             99.3                                              98.3‐100.3   98.8         96.4‐101.2   1            2     
  55‐64             333           129                                                                             97.5                                              95.6‐99.4    100.0        100‐100      1            2     
  65‐74             274           91                                                                              96.9                                              94.5‐99.3    96.5         91.3‐101.6   1            4     
  75+               187           48                                                                              98.0                                              95.6‐100.3   92.1         82.7‐101.5   2            3     
  Small Intestine   −44           591                                                                             322                                               96.7         95‐98.3      95.9         93.4‐98.4    0     0
  45‐54             1192          534                                                                             94.5                                              93‐96        94.9         92.6‐97.2    0            0     
  55‐64             1505          603                                                                             92.3                                              90.6‐93.9    92.3         89.6‐95.1    0            ---   
  65‐74             1240          421                                                                             90.9                                              88.9‐92.9    90.0         86‐93.9      0            ---   
  75+               718           166                                                                             89.5                                              86.5‐92.4    92.8         87.5‐98.2    9            ---   
  Appendix          −44           209                                                                             105                                               100.0        100‐100      100.0        100‐100      0     0
  45+               111           45                                                                              95.5                                              90.9‐100     100.0        100‐100      1            3     
  Colon             −44           192                                                                             110                                               99.5         98.4‐100.5   98.8         96.5‐101.1   1     2
  45‐54             448           210                                                                             97.1                                              95.4‐98.9    96.8         94‐99.7      1            2     
  55‐64             462           203                                                                             96.1                                              94‐98.2      99.3         98‐100.6     2            3     
  65‐74             308           127                                                                             91.2                                              87.5‐94.9    92.6         87.2‐98      3            ---   
  75+               170           57                                                                              91.6                                              86.4‐96.8    88.1         78‐98.2      4            ---   
  Rectum            −44           1095                                                                            630                                               99.6         99.1‐100     99.6         99.1‐100.1   0     0
  45‐54             2315          1026                                                                            99.0                                              98.6‐99.5    99.6         99.2‐100.1   0            0     
  55‐64             1875          825                                                                             99.0                                              98.5‐99.5    98.7         97.9‐99.6    0            0     
  65‐74             1011          479                                                                             97.8                                              96.7‐98.8    98.6         97.4‐99.9    0            0     
  75+               291           98                                                                              95.5                                              92.8‐98.2    98.0         94.1‐101.9   1            2     
  Pancreas          −44           325                                                                             125                                               86.3         81.5‐91.1    93.2         87.9‐98.5    10    ---
  45‐54             397           124                                                                             78.6                                              72.9‐84.4    88.1         80.9‐95.4    ---          ---   
  55‐64             358           98                                                                              79.1                                              72.9‐85.2    86.6         78.1‐95.2    ---          ---   
  65‐74             227           63                                                                              78.7                                              71.1‐86.4    82.4         69.4‐95.3    ---          ---   
  75+               81            18                                                                              82.9                                              70.9‐95      95.6         75.5‐115.7   8            9     

Included in the analysis is the number of years after diagnosis when a group of patients appear to exhibit little excess mortality (when 3‐year conditional survival exceeds 90%) or hardly any excess mortality (when 3‐year conditional survival exceeds 95%). Conditional survival rate of \>90% or \>95% not reached within available follow‐up period with reliable estimates for conditional survival.

John Wiley & Sons, Ltd

###### 

Number of patients available for conditional period survival analysis after 5 and 10 years for each site and stage, and conditional survival after 5 and 10 years

  Tumor site        Stage       No. of patients available for conditional period survival analysis after year   3‐year conditional cancer‐specific survival (%)                                                           
  ----------------- ----------- ------------------------------------------------------------------------------- ------------------------------------------------- ------------ ----------- ------------ ----------- ----- ---
  Stomach           Localized   1225                                                                            476                                               98.6         97.8‐99.3   98.9         97.7‐100    0     0
  Regional          73          25                                                                              96.9                                              92.6‐101.3   93.5        80.5‐106.6   3           5     
  Distant           46          15                                                                              86.5                                              73.7‐99.3    93.1        79.1‐107.1   7           7     
  Small Intestine   Localized   2012                                                                            840                                               98.2         97.6‐98.9   98.4         97.3‐99.5   0     0
  Regional          2085        815                                                                             93.3                                              92‐94.6      92.6        90.3‐95      0           1     
  Distant           1149        391                                                                             82.0                                              79‐85        83.4        78.2‐88.6    ---         ---   
  Appendix          Localized   187                                                                             85                                                100.0        100‐100     100.0        100‐100     0     0
  Regional          109         54                                                                              97.5                                              94.1‐101     100.0       100‐100      0           0     
  Distant           24          11                                                                              91.0                                              77.8‐104.1   100.0       100‐100      5           6     
  Colon             Localized   818                                                                             394                                               98.7         97.8‐99.6   98.7         97.5‐100    0     0
  Regional          523         234                                                                             95.9                                              93.9‐97.8    96.4        93.6‐99.1    2           4     
  Distant           239         79                                                                              83.0                                              76.6‐89.3    85.0        74.8‐95.3    ---         ---   
  Rectum            Localized   6453                                                                            3022                                              99.3         99.1‐99.5   99.3         99‐99.7     0     0
  Regional          91          29                                                                              83.5                                              73.1‐93.9    94.3        82.8‐105.8   8           ---   
  Distant           43          7                                                                               49.6                                              31.4‐67.7    59.5        21.1‐97.9    ---         ---   
  Pancreas          Localized   464                                                                             163                                               96.0         93.8‐98.2   94.5         90.3‐98.7   0     1
  Regional          425         149                                                                             85.6                                              81.3‐89.9    86.2        79.1‐93.4    ---         ---   
  Distant           499         116                                                                             63.5                                              56‐71        83.1        73.9‐92.3    ---         ---   

Included in the analysis is the number of years after diagnosis when a group of patients appear to exhibit little excess mortality (when 3‐year conditional survival exceeds 90%) or hardly any excess mortality (when 3‐year conditional survival exceeds 95%). Conditional survival rate of \>90% or \>95% not reached within available follow‐up period with reliable estimates for conditional survival.

John Wiley & Sons, Ltd

![Three‐year cancer‐specific survival for every additional year survived after an initial diagnosis of cancer according to age groups: A, gastric NETs; B, small intestinal NETs; C, appendiceal NETs; D, colonic NETs; E, rectal NETs; and F, pancreatic NETs](CAM4-7-3521-g003){#cam41598-fig-0003}

![Three‐year cancer‐specific survival for every additional year survived after an initial diagnosis of cancer according to SEER stage groups: A, gastric NETs; B, small intestinal NETs; C, appendiceal NETs; D, colonic NETs; E, rectal NETs; and F, pancreatic NETs](CAM4-7-3521-g004){#cam41598-fig-0004}

![Three‐year cancer‐specific survival for every additional year survived after an initial diagnosis of cancer according to tumor grade groups: A, gastric NETs; B, small intestinal NETs, C, appendiceal NETs; D, colonic NETs; E, rectal NETs; and F, pancreatic NETs](CAM4-7-3521-g005){#cam41598-fig-0005}

3.3. Gastric neuroendocrine tumors (G‐NETs) {#cam41598-sec-0009}
-------------------------------------------

For patients with G‐NETs, the CCS3 of those who were 65‐74 years of age and those who were older than 75 years was 77.7% and 82.7%, respectively, which was significantly lower than that of patients younger than 65 years (approximately 90%; Figure [3](#cam41598-fig-0003){ref-type="fig"}A). The initial differences in the conditional survival rate in all age groups largely disappeared after 4 years of survival. Differences in the CCS3 among localized, regional, and distant disease stages declined over time, especially after patients had survived for 7 years; moreover, little excess mortality was observed in patients with all stages of disease (Figure [4](#cam41598-fig-0004){ref-type="fig"}A). In addition, little excess mortality was also observed in patients with all tumor grades of disease after patients had survived for 5 years (Figure [5](#cam41598-fig-0005){ref-type="fig"}A).

3.4. Small intestinal neuroendocrine tumors (SI‐NETs) {#cam41598-sec-0010}
-----------------------------------------------------

Although the mortality rate of elderly patients with SI‐NETs (older than 55 years of age) was still high after 10 years of survival, patients who were younger than 55 years maintained scarcely any excess mortality after diagnosis (Figure [3](#cam41598-fig-0003){ref-type="fig"}B). Although the difference in survival rate among the 3 stages (ie, localized, regional and distant) decreased over time, the difference remained until the patients had survived for 10 years (Figure [4](#cam41598-fig-0004){ref-type="fig"}B). Note that the difference between grade I, grade II, and grade III/IV disappeared after having survived for 5 years (Figure [5](#cam41598-fig-0005){ref-type="fig"}B).

3.5. Appendiceal neuroendocrine tumors (A‐NETs) {#cam41598-sec-0011}
-----------------------------------------------

For patients with A‐NETs who were younger than 45 years, almost no excess mortality was observed since diagnosis, whereas for patients older than 45 years, a similar trend was observed only after 3 years (Figure [3](#cam41598-fig-0003){ref-type="fig"}C). The CCS was fairly similar between the localized and regional stage groups, and the survival rate after diagnosis was similar to that of the general population. Although patients with distant disease had a significantly poorer survival at diagnosis than those with localized or regional disease (0‐year CCS3: 98.4% vs 97.2% vs 66.0%), the difference disappeared after 6 years of survival (Figure [4](#cam41598-fig-0004){ref-type="fig"}C). Compared with grade I and grade II A‐NETs patients, grade III/IV patients showed most pronounced changes in CCS3 over time (Figure [5](#cam41598-fig-0005){ref-type="fig"}C).

3.6. Colonic neuroendocrine tumors (C‐NETs) {#cam41598-sec-0012}
-------------------------------------------

The CCS3 at diagnosis was significantly lower for patients with C‐NETs who were older than 75 years (54.1%) than for patients younger than 65 years (0‐year CCS3 \> 80%; Figure [3](#cam41598-fig-0003){ref-type="fig"}D). Although the survival difference between these age groups decreased with the prolongation of survival time, the excess mortality rate in the elderly group was still higher. Patients who were younger than 65 years had almost no excess mortality 2‐3 years after diagnosis, whereas this trend was not observed in patients older than 65 years even after 10 years of survival. The survival rates of those with localized, regional, and distant disease were also significantly different at diagnosis (Figure [4](#cam41598-fig-0004){ref-type="fig"}D). The differences between the localized and regional disease groups disappeared after 4 years, whereas survival differences between those 2 groups and the distant disease group remained high. After 5 years of survival, the differences in the conditional survival rate between the localized and regional stage groups disappeared.

3.7. Rectal neuroendocrine tumors (R‐NETs) {#cam41598-sec-0013}
------------------------------------------

Among patients with R‐NETs, the CS in all age groups was comparable, and the mortality rate was similar to that of the general population after 2 years of survival (Figure [3](#cam41598-fig-0003){ref-type="fig"}E). The difference in survival among the different staging groups persisted (Figure [4](#cam41598-fig-0004){ref-type="fig"}E). Although the survival rate of patients with distant disease increased significantly with a prolongation of survival time, the excess mortality remained substantial. Moreover, patients with localized disease exhibited hardly any excess mortality after diagnosis, which indicates a survival similar to that of the general population. Patients with grade III/IV disease exhibited little excess mortality after 4 years.

3.8. Pancreatic neuroendocrine tumors (P‐NETs) {#cam41598-sec-0014}
----------------------------------------------

A significant difference was found between age groups in terms of the CCS3 at diagnosis for patients with P‐NETs (Figure [3](#cam41598-fig-0003){ref-type="fig"}F). Although the survival difference between different age groups decreased with time, excess mortality remained high among patients except for patients older than 75 years who exhibited scarcely any excess mortality after 9 years. Significant differences in survival could also be observed among the 3 different stage groups (Figure [4](#cam41598-fig-0004){ref-type="fig"}F). These differences persisted until 10 years after diagnosis, even though they became somewhat smaller over time. Similarly, excess mortality remained substantial for all grade groups.

4. DISCUSSION {#cam41598-sec-0015}
=============

GEP‐NETs, which are the most frequent subtype of NETs, occur equally in males and females, although the incidence in females has been higher than that in males since 2000 (APC = 5.0 vs 4.0). From 2000 to 2014, the highest incidence of GEP‐NETs has been recorded among Black population in the SEER database (Figure [1](#cam41598-fig-0001){ref-type="fig"}G). Regarding the tumor sites, the most frequent sites of GEP‐NETs are the small intestine and the rectum. However, because A‐NETs and P‐NETs show the highest growth trend (APC values of 22.3 and 9.8, respectively), this distribution might change.

Most importantly, although GEP‐NETs are rare (representing approximately 5.84% of all GEP tumors), the incidence of this disease is increasing (APC = 4.5, 95% CI 4.2‐4.8). Notably, according to the SEER data, the rate of this increase is notably higher than the reported incidence of most other neoplasms.[21](#cam41598-bib-0021){ref-type="ref"}, [22](#cam41598-bib-0022){ref-type="ref"} The reason for this inverse trend compared with the incidence of general GEP tumors (APC = −2.0, 95% CI −2.0 to −1.9) is unclear. Although it appears that improved histological classification and diagnostic methods might be contributing factors,[23](#cam41598-bib-0023){ref-type="ref"} the biological characteristics of the tumors might also account for this difference.

Of all the recent studies, this is the first one to focus on the changes in the CCS3 up to 10 years after the GEP‐NET diagnosis. The most up‐to‐date analyses of conditional survival are becoming increasingly necessary due to the marked increase in the number of long‐term GEP‐NET survivors. The current results indicate that CCS estimates for patients with GEP‐NETs were dynamic and increased with time elapsed. Specifically, we are concerned about age‐specific and stage‐specific differences when the CCS approaches 100%, which indicates a lack of excess mortality among cancer patients relative to that in the general population.

Using long‐term follow‐up data from population‐based cancer registries, we were able to analyze the latest and most detailed CCS data for gastroenteropancreatic neuroendocrine tumors at different sites. These results give us a better understanding of the excess mortality rate per year in terms of the survival of patients with GEP‐NETs. We can assume that when the patient's CCS3 is more than 95%, the survival time is similar to that of individuals of the same age in the general population. Accordingly, we found that NETs occurred in the stomach, rectum, or appendix of all patients, whereas NETs in young individuals were located in the small intestine or colon; NETs in elderly patients would be similar to those in the general population over a certain period of time within 10 years after diagnosis. For the other sites considered, the CCS3 did not exceed 70%‐94%, which indicates that even if these patients survive for a specified time, the survival rate of these patients is still worse than that of the average age group. A higher mortality rate due to a greater comorbidity among patients, late adverse effects of treatment, late recurrences, and secondary tumors might be potential explanations for these observations.

The 3‐year cancer‐specific survival rates of young patients are often better than those of older ones in most tumor types.[12](#cam41598-bib-0012){ref-type="ref"}, [24](#cam41598-bib-0024){ref-type="ref"}, [25](#cam41598-bib-0025){ref-type="ref"}, [26](#cam41598-bib-0026){ref-type="ref"}, [27](#cam41598-bib-0027){ref-type="ref"}, [28](#cam41598-bib-0028){ref-type="ref"} In our study, younger patients with NETs were also found to have a better prognosis than older patients, which is consistent with the observations of other studies.[29](#cam41598-bib-0029){ref-type="ref"}, [30](#cam41598-bib-0030){ref-type="ref"} Nevertheless, age‐specific variations in the long‐term CCS3 of patients with GEP‐NETs have not been evaluated in detail. Based on our results, the CS still varied according to age for up to 10 years after diagnosis, even though the effect of age usually decreased with time. However, these results need to be further validated when the stage at diagnosis is considered.

The CSS was also significantly different for the various stage groups at diagnosis. Previous studies have shown that the difference in survival among patients with different stages of stomach, small intestine, appendix, colorectal, and pancreatic cancer decreases with increase in the survival time since diagnosis.[31](#cam41598-bib-0031){ref-type="ref"}, [32](#cam41598-bib-0032){ref-type="ref"}, [33](#cam41598-bib-0033){ref-type="ref"}, [34](#cam41598-bib-0034){ref-type="ref"}, [35](#cam41598-bib-0035){ref-type="ref"} However, the tumor stage is still an important prognostic factor, even for conditional survival after 2‐5 years. In studies among patients with various cancers, differences among stage groups decreased or even disappeared over time since diagnosis.[36](#cam41598-bib-0036){ref-type="ref"} We also observed that the difference among patients with GEP‐NETs in different stage groups decreases with time. In particular, patients with poor prognostic characteristics exhibited a substantial increase in CCS based on actual survival time. Although the data of the SEER histologic grade information in most GEP‐NETs patients are missing in the SEER database, patients who initially had the least favorable tumor grade had the most pronounced CCS3 changes. Thus, the assessment of CCS might be of greater clinical significance for high‐risk patients who have survived for a specified period after diagnosis. In fact, risk predictors identified at the time of diagnosis do not account for the time that has already passed, and patients who survived for a certain period may have a favorable prognosis despite their initial higher risk.

Moreover, both Spanish‐Hispanic‐Latino and Non‐Spanish‐Hispanic‐Latino patients had similar cancer‐specific survival regardless of the location of the tumor, and 2 communities have similar trends of conditional cancer‐specific survival (Figures [S6](#cam41598-sup-0006){ref-type="supplementary-material"} and [S7](#cam41598-sup-0007){ref-type="supplementary-material"}). Further study about the incidence and survival of the GEP‐NETs in the Spanish‐Hispanic‐Latino and Non‐Spanish‐Hispanic‐Latino population through more detailed large sample data in the future is necessary.

Finally, it must be admitted that our study is not devoid of limitations. We recognized that the SEER database provides a unique opportunity for researchers to test the hitherto unknown medical hypotheses on an unprecedented large amount of patient data and that population‐based epidemiological analysis can be performed at the same time. However, underreporting is a potential limitation of this databank. Moreover, missing data and the evolving definition of GEP‐NETs could have led to misreporting, which might have generated potential selection bias. In addition, the grade of tumor was defined based on the differentiation of the tumor in the SEER database, regardless of the Ki‐67 index, a marker of cellular proliferation, and the mitotic index, which is important for the grading of tumors. Therefore, a large‐scale detailed cohort is necessary to elucidate this problem in the future study. However, our study also has important strengths that must be noted. This is a population‐based study, which might give rise to concerns about the generalizability of the findings, but we believe that the size of the present study is the largest to date and thus that the study can provide comprehensive information on the incidence trend of GEP‐NETs in the USA.

In conclusion, the incidence of GEP‐NETs continues to increase in the USA. In addition, the prognosis of NET survivors generally improves with each year of survival. Patients with NETs in the stomach, rectum, and appendix, as well as younger patients with NETs in the small intestine or colon, hardly experience any excess mortality after a certain time. In fact, CCS estimates for patients with GEP‐NETs improve markedly over time, particularly among patients with initial poor prognoses. Thus, the understanding and application of conditional survival can provide more survival information for patients, clinicians, and researchers, who can then use this information to make life plans and monitor the disease intensity during follow‐up after a GEP‐NET diagnosis.
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